Rationale: Earlier studies have shown that laser photocoagulation treatments are associated with good long-term visual acuity in most patients with severe nonproliferative diabetic retinopathy (S-NPDR). Histopathologic studies of autopsied eyes have demonstrated defects in the choriocapillaris beneath the retinal laser lesions secondary to photocoagulation for S-NPDR. These lesions have been observed to expand centrifugally over time especially in the posterior pole, and the atrophy of the retinal pigment epithelium (RPE) can be significantly enlarged. There are, however, limited studies detailing the in vivo changes that occur in the RPE and choriocapillaris following laser photocoagulation.
Introduction
Diabetic retinopathy is the most important ocular complication in patients with diabetes mellitus (DM). Studies have demonstrated that laser photocoagulation treatments are associated with good long-term visual acuity in most patients with severe nonproliferative diabetic retinopathy (S-NPDR). [1] Histopathologic studies of autopsied eyes have shown defects in the choriocapillaris beneath the laser lesions due to the photocoagulation for the diabetic retinopathy. [2] These lesions have been observed to expand centrifugally with time especially in the posterior pole, and the atrophy of the retinal pigment epithelium (RPE) can be significantly enlarged. [3, 4] Optical coherence tomography (OCT) angiography enables noninvasive, depth-resolved images of the retinal and choroidal vasculature. The discomfort of the patients is minimal, and OCTA can be performed repeatedly at short intervals. New OCTA findings have been reported in a variety of fundus abnormalities, and they have provided more detailed information on the retinal capillary networks. [5] However, there have been only a few studies detailing the in vivo changes that occur in the RPE and choriocapillaris following laser photocoagulation.
Thus, the purpose of this study was to evaluate the changes in the RPE and choriocapillaris determined by OCTA after laser photocoagulation. The choriocapillaris is disrupted as shown by the black empty region in the OCT angiography image 1 hour after the laser photocoagulation. OCT B scan shows the photocoagulation burn as a white region in the intraretinal layer and blood flow signal is not observed at the level of choriocapillaris layer beneath the retinal laser lesions (yellow arrowhead). (D) Three days after the laser treatment, the findings in the OCT angiography and OCT B scan images were not significantly different from that at 1 hour after the laser treatment. (E) Two weeks after the laser treatment, the disruptions of the choriocapillaris corresponding to the sites of the laser spots that were seen as black areas have become smaller and the structure of choriocapillaris is restored in all of the laser spots (red arrows). OCT B scan shows that blood flow signal is observed beneath the retinal laser lesions. (F) The disruption of the choriocapillaris has become smaller, and the structure of the choriocapillaris can be seen more clearly in all of the laser spots at 1 month after the laser treatment (red arrows). OCT B scan shows that the laser lesion has shrunk in a transverse direction and the outer nuclear layer is also shrunk and the inner nuclear layer has widened. (G) The disruption of choriocapillaris is more restored in some laser spots 3 month after laser photocoagulation (red arrows). (H) OCT angiography taken 1 year after the laser treatment. The choriocapillaris has become almost normal appearing in some laser spots.
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Medicine 532-nm wavelength argon laser with power of 170 to 230 mW and spot size of 200 mm on the left eye and followed the changes in the choriocapillaris and the retinal vasculature by OCT angiography (Zeiss Cirrus 5000 HD-OCT; Zeiss Meditec Inc, Jena, Germany) before (Fig. 1B) and after the laser photocoagulation. This study was conducted at the Nagoya University Hospital and the procedures used were approved by the Ethics Committee of the Nagoya University Hospital. The procedures conformed to the tenets of the Declaration of Helsinki, and an informed written consent was obtained for the treatments and publication of this case report and accompanying images after an explanation of the procedures to be used and the possible complications.
The choriocapillaris was disrupted as shown by the black empty region in the OCTA image 1 hour after the laser photocoagulation (Fig. 1C ). There were no visible retinal vascular changes in the superficial plexus of the retinal vasculature throughout the postlaser period. However, 2 weeks after the laser treatment, the disruption of the choriocapillaris corresponding to the sites of the laser spots that were seen as black areas had become smaller. The structure of the choriocapillaris was restored in all of the laser spots which were observed as black areas at 1 and 3 days after the laser photocoagulation (Fig. 1D, E) . OCT B scan showed that the laser burn in the intraretinal layer was not evident, and blood flow signals were observed beneath the retinal laser lesions. The degree of disruption of the choriocapillaris was smaller, and the structure of the choriocapillaris could be seen more clearly at all of the laser spots with increasing time (Fig. 1F, G) . In addition, OCT B scan images showed that the laser lesions had shrunk in a transverse direction and the outer nuclear layer was also shrunk and the inner nuclear layer had widened. At 1 year, the choriocapillaris was almost normal appearing at some laser spots but was still altered in other laser lesions (Fig. 1H) . However, the outer retina and RPE remained disrupted at the lasered spots 1 year after the laser photocoagulation.
Discussion
The choriocapillaris is a thin, dense, monolayer [6] that consists of fenestrated capillaries that are organized in a unique segmental, lobular pattern. Some histopathologic studies of laser scars in humans show a disruption of the choriocapillaris and a lack of recovery. [2, 7] Recent studies of laser lesions by OCT angiography have shown that the choriocapillaris is altered in regions treated with laser burns. [5] There are, however, only a limited number of studies detailing the in vivo changes that occur in the choriocapillaris before and after laser photocoagulation.
The structural changes in the retina and choroid induced by laser photocoagulation depend on the laser parameters such as the wavelength, power, exposure time, and spot size. Accordingly, the difference in the degree of restoration among the laser spots might be due to differences in the power used for the photocoagulation. Higaki et al reported that the expansion rates of the laser lesion in short-pulse laser were significantly lower than those after conventional laser. [8] Our results showed a restoration of the choriocapillaris at 2 weeks, and the recovery continued with time and was almost normal appearing at 1 year in some lasered spots with our laser settings using OCTA. On the contrary, the outer retina and RPE were also disrupted in the lasered spots 1 year after the laser photocoagulation.
Perry et al reported a recovery of the capillary integrity in feline eyes following laser photocoagulation which appeared to result from thrombolysis and proliferation of endothelial cells of the choriocapillaris. In time, the entire vascular integrity was restored without recanalization, and the choriocapillaris appeared almost normal in the laser photocoagulated areas after 30 days. [9] Our study has several limitations. First, this was a retrospective case report. Second, it has been reported that choroidal thickness [10] and blood flow [11] are decreased after laser photocaogulation even in the not laser lesion in the macular area. However, current commercially available OCT angiography cannot detect the choroidal structure and blood flow under choriocapillaris such as in Sattler layer and Haller layer that play a role in the main choroidal blood flow. Further prospective studies with larger sample sizes and assessments of deep choroidal layer are required.
In conclusion, our results showed a restoration of the choriocapillaris from 2 weeks after laser photocoagulation and a recovery with time in some lasered spots using OCT angiography. These results indicate a possibility that the choriocapillaris can recover in human eyes although the outer retina and RPE are disrupted and not regenerated after the laser treatment.
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